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Land Tortoise ( Testudo marginata ), South European, presented 
by Lord Arthur Russel], M.P. ; an Indian Badger ( Arctonyx 
collaris ) from Assam, a Rough-billed Pelican {Pelecanus trachy 
rkynckus) from Mexico, purchased ; two Red-crested Whistling 
Ducks [Fuligula rufina), a Variegated Sheldrake ( Tadorna 
variegata ), five Summer Ducks (Aix sponsa ), five Chilian Pintails 
(Dafila spinicauda), bred in the Gardens. 


OUR ASTRONOMICAL COLUMN 


The Constant of Aberration. —M. Otto Struve presented 
to the Imperial Academy of Sciences of St. Petersburg, in 
February last, a memoir by M. Nyren, of the Observatory at 
Pulkowa, on the aberration of the fixed stars. He states it is 
the result of researches made by M. Nyren during many years, 
with the view to determine the value of the constant of aberra¬ 
tion, with the highest degree of accuracy which the most perfect 
means of observation allow. The value 20"‘445, deduced by 
W. Struve, has been so far generally accepted by astronomers 
as the most exact, and has been employed in all astronomical 
calculations. This is the value given in his memoir upon the 
subject, but in 1852, by a new combination of his measures, the 
constant was altered to 20"‘463, and with respect to this value 
he remarked : “ Elle me parait le vrai resultat pour l’aberration, 
qui doit etre tire de mes observations du premier vertical.” 
(Preface to “ Recaeil de Memoires presentes a l’Academie des 
Sciences par les Astronomes de Poulkova,” t. i.) Notwithstand¬ 
ing this statement, Struve’s first value was retained in our 
ephemerides, &e. ; we have a suspicion that his correction, as he 
appears to have considered it, was very generally overlooked. 
M. Nyren was charged with the execution of a new series of 
observations at Pulkowa, with the same instrument employed 
by the elder Struve, and every endeavour was made to free the 
new series from all objection that it was possible to bring against 
the earlier one. Further, M. Nyren discussed a long series of 
excellent observations made by M. Wagner with the great 
meridian telescope in the years 1861-72, on the three stars, 
Polaris, S Ursse Minoris, and 51 (Hev.) Cephei. M. O. Struve 
remarks that with these two new determinations we now possess 
seven separate series of observations executed with the three great 
instruments of the Observatory of Pulkowa, and he gives the values 
of the constant of aberration resulting therefrom as follow :— 


W. Struve, prime-vertical instrument 

Schweizer , meridian telescope. 

Peters , vertical circle . 

Gylden , ,, .. 

Wagner, meridian telescope . 

Nyren , vertical circle 

Nyren , prime-vertical instrument ... 


20*463 ± 0*017 
20*498 rt 0*012 
20*507 ± 0*021 
20*469 ± 0*026 
20*483 ± 0*012 
20*495 ± 0*021 
20*517 ± 0*014 


M. O. Struve considers that these values sufficiently prove 
that the constant of aberration is now known with a degree of 
accuracy which it will be difficult to surpass ; it appears certain 
that the mean of the seven determinations deduced byM. Nyren, 
20''*492, will not be liable to an error of a hundredth of a second. 

If this mean value for the constant of aberration is combined 
with the velocity of light determined by M. Cornu and Mr. 
Miehelson, the solar parallax is found to be 8" *784, which, M. 
Struve adds, only differs by a very few hundredths of a second 
from the most reliable determinations lately obtained by the 
geometrical process. 

With regard to W. Struve’s alteration of the constant of aber¬ 
ration assigned in his memoir, it may be remarked that his result 
depended upon observations made with the prime-vertical instru¬ 
ment upon seven stars, and the separate values accorded well. 
But, as he subsequently pointed out, this agreement of different 
determinations, obtained with the same instrument, only guaran¬ 
teed the accuracy of the final result under the condition that there 
existed no common source of error. He examined all possible 
sources of constant error, and convinced himself that none 
existed which could exercise an appreciable influence. Never¬ 
theless he said it must be admitted that there existed an agent 
which possibly might prejudice the exactness of his determina¬ 
tion. Considering that the observations of the maximum of 
aberration fall at a time of year when the star passes the 
meridian near 6 p.m., while the observations of the minimum of 
the aberration take place at 6 a.m., it is seen that the first are made 
during a decreasing temperature and the last during an increasing 


one. “ The zenith-distance of the star being determined from 
the time between the two corresponding transits indicated by the 
clock, it follows, if the clock has a defect of compensation and 
if its effective rate during the interval differs from the mean daily 
rate obtained by observations of consecutive days, that the error 
produced acts in the same sense upon the results obtained by 
different stars.” It is the same if between the two corresponding; 
pa>sages the azimuth of the axis of rotation changes. Fortunately 
these two perturbing causes only exercise a minute influence upon 
the zenith distances to be determined. Yet, as Struve asks : 
“ Comment prouver que cette influence n’ait point altere la 
valeur trouvee de l’aberration de-quelques centiemes de seconde ?” 
He considered he had direct proof that there -was no azimuthal 
change, but with regard to change of clock rate, as already 
stated, he was induced to rediscuss his series of observations 
with the result above given. 


ON THE FUNCTION OF THE SOUND-POST , 
AND ON THE PROPORTIONAL THICKNESS 
OF THE STRINGS OF THE VIOLIN 1 

QIR JOHN HERSCHEL says : “it (the bridge) sets the 
^ wood of the upper face in a state of regular vibration, and 
this is communicated to the back through a peg set up in. the 
middle of the fiddle and through its sides, called the ‘ soul ’ of' 
the fiddle, or its sounding-post. ” 2 

Savart says : “ L’ame a pour usage de transmettre an fond les 
vibrations de la table . . . son diametre est determine par la 
qualite du son qu’on veut avoir ; il est maigre quand elle esttrop 
mince, et sourd quand elle est trop grosse.” 3 

Daguin, in his “ Traite de Physique,” devotes a whole page 
to the discussion of the functions of the sound-post. The most 
important sentences are the following :—“ . . . Fame n’agit pas 
coinme conducteur du son. . . 11 nous semble que Ton doit 
expliquer l’effet de Fame de la maniere qui suit. L’ame, ou les 
pressions exterieures par lesquelles on la remplace, a pour effet 
de donner au pied du chevalet un point d’appui autour duquel il 
vibre en battant sur la table de son autre pied. Si l’un des pieds 
n’etait appuye sur un point fixe, il se releverait pendant que 
i’autre s’abai -serait, parceque les cordes n’agissent pas normaie- 
ment a la table, puisque 1 archet Jes ebranle tres obliqu ment, ce 
qui entraine le chevalet dans un mouvement transversal quand il 
n’a pas de point d’appui fixe. Lorsque 1’archet est dirige nor- 
malement aux tables, cet inconvenient n’existe plus, et l’ame n’est 
plus necessaire.” 4 

Helmholtz says : “ The vibrating strings of the violin, in the 
first place, agitate the bridge over which they are stretched. 
This stands on two feet over the most mobile part of the belly 
between the two holes. One foot of the bridge rests upon 
a comparatively firm support, namely, the sound-post, which is 
a solid rod inserted between the two plates, back and belly, of 
the instrument. It is only the other leg which agitates the 
elastic wooden plates, and through them the included mass of 
air. 5 

The experiments 6 which follow have been made for the pur¬ 
pose of ascertaining whether it be any part of the function of 
the sound-post to convey vibrations to the back, or whether this 
post acts solely as a prop supporting the belly, so that its elas¬ 
ticity is not injured by the pressure from the strings, and also, as 
Daguin states, affords the firm basis which he considers necessary 
for one foot of the bridge. 

Mr. Hill and other practical men maintain that the quality of 
the wood of which the sound-post is made affects the tone of the 
violin, as undoubtedly do very minute differences of position. 
If the quality of the wood is important, we must admit that 
vibrations are conveyed by the post. 

Whether or not the sound-post exercises the function of trans¬ 
mitting vibrations, it is obvious ( 1 ) that it performs the impor¬ 
tant duty of contributing to the support of the belly ; ( 2 ) that 
the nodal arrangement of the belly and als 0 that of the back are 

1 Paper read at the Royal Society, May 24, by William Huggins, D.C.L.» 
LL.D., F.R.S. 

* “ Encyclopaedia MetropoUtana,” Article 4< Sound,” p. 804. 

3 “ Memoire sur la Construction des Instruments a Cordes et a Archet,” 
8vo, Paris, 1819. Also Biot’s 41 Report.” Ann. de Chimie , tome 12, pp. 
225-255. 

4 “ Traite de Physique, Acoustique,” t >me r, p. 575. 

5 “ Sensations of Tone.” translated by Ellis, p. 137. In the 4th German 
edition this passage remains unaltered. 

_ 6 I wish to express my indebtedness to Mr. A. J. Ellis for some sugges 
tions in connection with these experiments. 


© 1883 Nature Publishing Group 













NA TURE 


[July 12, 1SS3 


260 


influenced by tbe presmre of the ends of the post against the 
upper and lower plates ; (3) that Helmholtz is right, at least so 
far that the leg of the bridge under the fourth or G string 
has much more power than the other in setting the belly into 
vibration. 

The usual way of investigating vibrations by the scattering of 
sand over the surface of the agitated body is difficult of appli- 
cati >n to the violin, on account of the curved form of the upper 
and lower plates. I found a convenient method to be by the 
use of what I may call a touch-rod. It consists of a small round 
stick of straight-grained deal a few inches long ; the forefinger 
is placed on one end, and the other end is put lightly in contact 
with the vibrating surface. The finger soons becomes very sen¬ 
sitive to small differences of agitation transmitted by the rod. 

The experiments were made on a strongly made modern violin, 
and in some cases repeated on a fine violin by Stradiuarius in 
the possession of the writer. 

The sand method, and also the touch-rod, showed that the 
position of maximum vibration of the belly is close to the foot 
of the bridge under the fourth string. The place of least vibra¬ 
tion is exactly over the top of the sound-post behind the other 
foot of the bridge. The back is strongly agitated, the vibra¬ 
tions being least powerfully felt where the sound-post rests, 
which is at nearly the thickest part of the back. These effects 
were very satisfactorily observed on a violoncello, where the 
phenomena are on a larger scale. 

When the sound-post was removed from the violin the large 
difference of the amount of vibration on the two sides of the 
belly was no longer present, the belly was about equal ly strongly 
agitated on both sides, making allowance for the string which 
was bowed. The tone became very poor and thin, as is well 
known to be the case when the sound-post is removed. The 
vibration of the back was now very feeble as compared with its 
vibration when the sound-post was present, a circum tance in 
favour of the view that the sound-post conveys vibrations to the 
back. 

A clamp of wood was prepared which could be so placed on the 
violin as -to connect by an arch of wood outside the violin the 
place of the belly behind the bridge where the top of the sound- 
post presses with the place of the back where it rests. It was 
expected that the wooden arch would restore to some extent the 
connection of belly and back which was broken by the removal 
of the post, and carry, though imperfectly, vibrations from the 
upper plate to the back. 

When this clamp was put on, the poor and thin sound was 
altered to the fuller character of tone which belongs to the 
violin when the sound-post is in its place. On testing the con¬ 
dition of the back its normal state of vibration was found to be 
in a large degree restored. If, while the strings were being 
bowed, the clamp was suddenly removed, the tone at the same 
moment fell to its poor character, and the vibration of the back 
as instantly diminished. 

It was further observed that, if the upper part of the clamp 
pressed upon the belly without the lower part coming into 
contact with the back, the tone is altered in the direction as 
when the sound-post was present, but it was not until the lower 
part of the clamp was in contact with the back that the normal 
character of the tone was fully restored. A similar effect to 
that resulting from the pressing of one end of the clamp only 
was produced by firmly placing one end of a wooden rod at this 
part of the belly. This effect may be due to the setting-up in 
the belly, by pressure at this part, of the peculiar nodal arrange¬ 
ment which the post produces when in its place. 1 

There could be no doubt that vibrations were carried by the 
clamp, for the lower end was powerfully agitated when the 
upper end rested upon the belly. If the sole function of the 
sound-post is to serve as a firm prop for the foot of the bridge, 
it should fulfil this condition most fully when placed under the 
foot of the bridge. In this position of the sound-post, however, 
as is weil known, the tone is much injured. 

In order to separate that part of the function of the sound- 
post which serves as a support from the further function it may 
possess as a transmitter of vibrations, it was desirable to intro¬ 
duce such alterations in the structure of the sound-post as would 

1 According to Daguin some similar experiments were made by Savart, 
but I have failed to find them in those of his papers to which I have had 
access. “ On peut la (l’ame) mettre en dehors, en i’appuyant a une espece 
d’arcade dont on colie les pieds de cheque cote du violin. . . . On peut la 
remplacer par la pression d’un poids convenable appuyd sur la table supe- 
rieure.” “ Savart a conclu de la que lame a pour effet de rendre normales 
les vibrations de la table. . . . ”—“ Traite de Physique,’* tome i. p. 575. 


enable it to retain its supporting power, and yet greatly modify 
and, if possible, stop its power of transmitting vibrations. A 
sound-post was made in which about half an inch of the middle 
was cut out, and a piece of lead inserted, also a sound-post in 
which instead of lead sealing-wax was put in. The effect of these 
compound posts which retained uninjured their prop power was 
to modify greatly the quality of the tone, but not to diminish its 
quantity in any marked degree, a result in favour of the view 
that the character or the wood of which the post is made does 
influence the tone, and that vibration is transmitted by the post. 
As these compound posts could transmit vibrations freely, it was 
desirable to contrive a post which would not carry vibrations and 
yet form a firm prop. A post was made with a piece of hard 
indiarubber inserted in the middle, but this post was found by 
experiment with a tuning-fork to transmit vibrations to some 
extent. Other materials were tried without success. A post 
capped at each end with pieces of sheet vulcanised rubber 
stopped almost completely the sound of a tuning-fork when the 
foot of the fork rested on the rubber over one end of the post, 
while the other end equally protected with rubber rested on a 
body capable of reinforcing the sound of the fork. This rubber- 
capped post was firmly fixed in position in the violin, s® that it 
would be able to support fairly well the belly and foot of the 
bridge, and yet not ire able to carry vibration ; unfortunately it 
does not seem possible, from the nature of things, to have a rigid 
prop which does not transmit vibrations, but this post, w ith thin 
sheet rubber at the ends firmly forced into position, must have 
been fairly efficient in its supporting power. The effect on the 
tone was about the same as when the sound-post was removed. 
When the wooden clamp was put on, then the normal tone 
returned, and the back vibrated strongly. 

These experiments appear to show that the sound-post is more 
than a prop, and that, besides its other functions, it does transmit 
vibrations to the back in addition to those which are conveyed 
through the sides. 

Experiments with sand and the touch-rod appear to me to 
show that Helmholtz’s statement is too absolute when he says 
“ it is only the other leg of the bridge which agitates the elastic 
wooden plates.” Undoubtedly it is the fourth string foot of the 
bridge which is the more powerful in agitating the upper plate, 
but the other foot appears to me also to have an influence. 
When tlie post is placed exactly under the foot of the bridge, 
then the belly on this side is almost without vibration; if the 
post is absent, then this f >ot appears to agitate its own side of 
the belly as strongly as the other foot. As there is no post on the 
fourth string side of the fiddle, that foot stands in a position most 
favourable for setting up vibrations in the belly, being nearly 
half way between the supports of the belly at the taii and the 



neck end of the violin. The other side of the belly, on the first 
or E string side, where the other foot of the bridge rests, is 
divided into two parts by the damping effect of the end of the 
sound-post, namely, the part a and the part b. It is obvious that 



this foot of the bridge is unfavourably placed for setting the part 
of the belly, b, into vibration, since it is so far from its central 
mobile part. On tbe other band, its position is favourable for a 
portion of its energy of vibration to be transmitted through the 
post to the back. 

Practically very small differences of position of the top of the 
post behind the foot of the bridge are found to alter largely the 
character of the tone of the fiddle, and in the case of fine instru¬ 
ments the setting of the post is an operation demanding much 
care and judgment. The explanation lies probably in the cir 
cumstance that a small difference in the position of the post will 
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alter greatly the proportion of energy passing through the post to 
that which is absorbed into vibrations of this side of the belly. 
At the same time it roust also alter slightly the nodal arrange¬ 
ment of the belly, which must have an influence on the tone. If 
from the form of construction, or relative quality of the wood of 
the upper plate as compared with the under plate, the conditions 
of a violin are such that the highest quality of tone of which it is 
capable requires a relatively larger amplitude of vibration of the 
back, the position of the sound-post should be nearer the bridge. 
In a contrary condition of things the sound-post should be 
farther from the bridge. The extreme range needed in different 
violins is about a quarter of an inch. Any shift of the post must 
affect the relative mobility of the two sides of the belly. 

If the sound-post transmits vibrations, these w 11 be in addition 
to those received from the sides of the violin. It may be, there¬ 
fore, that one condition which determines the best position of the 
post is the degree in which from their form and material these 
fulfil this duty. All the sides must share in this duty, but the 
touch-rod shows that a large part of this action is borne by the 
parts of the sides which curve inwards under where the strings 
are bowed. It is in harmony with this view that Mr. Hill states 
that if the inside blocks at the corners, which are put to 
strengthen these parts, extend in a small degree into these 
curved portions, the tone is injured. 

The plane of the vibrations of the strings is that in which they 
are bowed, which is more or less oblique to the bridge. The 
vibrations maybe considered divided into two sets at right angles 
to each other, a and b. 



The touch-rod shows that these vibrations exist strongly in the 
upper part of the bridge. I venture to suggest that the use of 
the peculiar cutting of the bridge, which was finally fixed from 
trials, by Stradiuarius, is to sift the vibrations communicated by 
the strings and to allow those only or mainly to pass to the feet 
which would be efficient in setting the body of ' the instrument 
into vibration, the other vibrations which would be injurious in 
tending to give a transverse rocking motion to the bridge, being 
for the most part absorbed by the greater elasticity given to the 
upper part of the bridge by the cutting. Below the two large 
lateral cuts, the touch-rod shows a very great falling off of the 
vibrations b. In the case of a violoncello these vibrations were 
also very greatly reduced below the side openings of the bridge. 

The violin on which the experiments were made was without 
a bass bar, which is a piece of pine glued to the under side of the 
belly on the fourth string side. This bar is regarded as strengthen¬ 
ing the belly and also enabling it to respond better to the lower 
notes. The touch-rod showed no difference in the general 
behaviour of this violin from a fine one by Stradiuarius contain¬ 
ing a bass bar. 1 

On the Proportional Thickness of the Strings. —As the lengths 
of the strings are the same, we have only the two conditions of 
weight and tension on which their pitch depends. It is obvious 
that for equal pressure on the feet of the bridge, as -well as for 
more convenient fingering and bowing, the strings should be at 
the same tension, 'lhey should therefore differ in weight, so as 

1 In the “ Early History of the Violm Family,’* Engel, speaking of the 
Crwth., says :—•“ Furthermore^ the contrivance of placing one foot of the 
bridge through the sound-hole, in order to cause the pressure of the strings 
to be resisted by the back of the instrument, instead of by the belly, is not 
so extraordinary and peculiar to the Crwth as most writers on Welsh music 
maintain. It may be seen on certain Oriental instruments of the fiddle kind 
which are not provided with a sound-post. For instance, the bridge is thus 
placed on the three-stringed fiddle of the modern Greek, which is only a 
variety of the ordinary rabab, but which the Greeks call lyra. Inappropriate 
as the latter designation may appear, it is suggestive, inasmuch as it points 
to the ancient lyra as the progenitor of the fiddle.**—P. 28. 


to give fifths when brought to the same tension. The weights 
of the strings are inversely as the squares of the number of 
vibrations, which in the case of fifths is as 3 to 2, namely, as 9 
to 4. As the first three strings are of the s£me material, it is 
more convenient to take their diameters, which must be as 3 to 
2, that is, each string in advancing from the first string must be 
half as thick again as the string next to it. In the case of the 
fourth string, covered with wire, we must find the weight of the 
third string of gut, and take a fourth string of which the weight 
is 9 to 4 for the third string. 

A good average thickness of 2nd (A) string = o'0355 inch. 

Then the strings should be— 1st = 0*0237 » 

2nd = 0-0355 
3rd = 0-0532 ,, 

A gut string 0-0532 iuch in diameter weighs, when of the 
same length as a fourth string, 0-98 grin., then the fourth =2 20 
grins, 

Ruffini sells sets of strings in sealed boxes, and these were 
found to be in about the same relative proportion to each other 
as the sizes indicated on the gauges sold by several makers. 

The measures of a set of Ruffini’s strings were found to be :_ 

1st = 0-0265 inch. 

2nd = 0-0355 ,, 

3rd 0-0460 ,, 

4th = i'4ioogrm. 

It will be seen that the first string is thicker, and the third 
thinner, and the fourth much lighter than the theoretical values. 
Therefore the tension of the first string would be greater, and 
that of the third and fourth strings less than they should be in rela¬ 
tion to that of the second string. The greater flexural rigidity of 
the fourth string will have a small effecfin the direction of making 
the vibrations quicker, and therefore of making the tension 
required less. 

By means of a mechanical contrivance I found the weights 
necessary to deflect the strings to the same amount when the 
violin was in tune. The results agreed with the tensions which 
the sizes of the strings showed they would require to give fifths. 

A violin strung with strings of the theoretical size was very 
unsatisfactory in tone. 

The explanation of this departure of the sizes of the strings 
which long experience has shown to be practically most suitable, 
from the values they should have from theory, lies probably in 
the circumstance that the height of the bridge is different for the 
different strings. It is obvious, where the bridge is high, there 
is a greater downward pressure. By this modification of the 
sizes of the strings there is not the greater pressure on the fourth 
string side of the bridge which -would otherwise be the case. 
On the contrary, the pressure is less, which may assist the 
setting of the belly into vibration. There is also the circum¬ 
stance that the strings which go over a high part of the bridge 
stand farther from the finger-board, and have therefore to be 
pressed through a greater distance, which would require more 
force than is required for the other strings, if the tension were 
not less. 


UNI VERS IT V AND ED UCA TIONA L 
INTELLIGENCE 

Cambridge.— The next examination for Minor Scholarships 
and Open Exhibitions at St. John’s College will take place in 
December, 1883. There will be open for competition, besides 
certain Exhibitions, two Minor Scholarships of 50/. per annum 
and two of 75 l. ; also such Foundation Scholarships as shall be 
vacant, two of which may, after the commencement of residence, 
be increased in value to 100/. each. 

Candidates may offer themselves for examination in any of 
the following subjects!:—Classics, Mathematics, Natural Science, 
Hebrew, or Sanskrit. 

The Examinations will begin on Tuesday, December 11. 

Successful candidates will be required to commence residence 
not later than October, 1884. Further particulars of the Scho¬ 
larships and Exhibitions may be obtained in October, 1883, on 
application to one of the tutors. 


SCIENTIFIC SERIALS 

Bulletins de la Sociitid'Anthropologie de Paris, tom. v. fasc. iv. 
1882.—Discussion on M. Ball’s case of cretinism, in which the axiom 
advanced by M. Lunier was generally accepted, that, while idiocy 
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